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Topics
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A Measurement overview.
I Magnet, hardware and data reduction.

A HQO1d observations.

I 70 Kand 4.5 K z scan.
ATwo measurement systems used for 70 K meas.

I 4.5 K measurement.
A Stairstep: harmonics at 120 T/m.
ARamping current: rampate dependence.

A Summary of the initial discussion on 5/16/11.
A Discussion on the plan for field quality study.



1Q01d magnet
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A HQ collaboration between
FNAL, BNL and LBNL.
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- Test system at LBNL
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A Magnet tested vertically. ertica { [T oion ot
. . movement . .
A Probe rotating in an | W amonic drive
. - mplifer SN B slip-ring
anticryostat with & DAQ
_-_ encoder
embedded heater. g B flexible coupling

I 49 mm bore2.3 m long.
A Probe rotating in one
direction (slipring).
i Speed ~ 0.5 Hz. magnet
I 4096 positions/turn.

coil lead end

—bearing

rotating coil

cryostat

anti-cryostat

LHe air vacuum

schematic not to scale
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Rotating probe from FNAL
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A Circuit-board probe developed by FNAL was used.
I 2 radial coils on a circuit board, 100 mm and 250 mm long.
I~ 21.55 mm radius for the outermost trace.
I More details can be found inJ.i Ma r pceseatatioh

Bearing cartridge w/ buttons G10 shell (47.6 mm OD, 0.7 mm clearance)

\

. Micro connector
250 mm coil

Temp. sensor Onboard amps

100 mm coill

1J.DiMarco, Rotating Circuit Board Probes for Magnetic Measurements, IMMW 15, FNAL, Aug. 2007.
http://tdserverl.fnal.gov/immw15/
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Data acquisition

LARP

A Voltagebased system

I Probe voltage simultaneously sampled by NI 4472B.

I Numerical integration to construct the angular flux profile.
A Hybrid systemmainly normalstate measurement)

I NI4472B // FDI 2056 Netrolab.

i Numerical vs. nhardwar eo |

Encoder output

Frontend amplifiers
for NI 4472B

NI 4472B

FDI 2056
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Data reduction

LARP

A Flux-drift correction
I Amplifier offset
I Rampingtransportcurrent

A Feeddown correctionby zeroingthe measurediipole
componentn theunbuckedsignal

A B, from thedipole-buckedsignalasthe mainfield.

A Referenceadius
I Magneticstraightsection 40 mm (2/3 magnetboreradius)

I Coll end 2155 mm (radiusof the outermosttrace of the
rotatingcoil, 36% of themagnetoreradius)

A Harmoniccoefficientsnormalizedto the centralB, (A,
=0).




Topics

A HQO1d results.
I 70 Kand 4.5 K z scan.

I 4.5 K measurement.
A Stairstep: harmonics at 120 T/m.
ARamping current: rampate dependence.



Z-scan measurement protocol
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A Ramp up the current to the desired level.
I Probe rotating in the magnetic center.

A Scan along the bore.
I Probe moving up and down.
A Ramp down the current.
I Probe rotating in the magnetic center.

A Five measurements (rotations) at each
location.

I Averaged results reported. Error bars indicating th
spread of 5 measurements.



100 mm, z-scan, transfer function
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AReturn end missed.

AAt 9 kA: measured main field slightly lower than calculation (98.7%).
AConstant offset, 0.3 T/m/kA, for z > 500 mm (current leads/junctions).
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%@ 100 mm, z-scan, bg, R = 21.55 mm

70K, 30 A 4.5 K, 9 kA
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AGood agreement between FDI and N14472B.

A70 K: 4.76% 2.38 units R = 40 mm).

A9 KA calculation for geometric harmonics only. Measurement
performed at the upamp (no dowrramp measurement made).
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= 100 mm, z-scan, b4, R... =21.55 mm
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ALow signal/noise ratio at 30 A fdr,, (current/temperature, probe).
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Stair-step measurement overview
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A Protocol
I Probe rotating at the magnetic straight section.
I Current ramp to a certain current level.
I Hold for > ~ 120 s (still taking data).
I Scan at the straight section: 3 locations.
| Ramp to another current level (20 A/s).

A Four attempts for the 100 mm probe:

. Up-ramptarget (kA) Down-ramp target (kA) |
9 10 11 12 13 12 11 10 9 7 5

PQO8 X X |

PQO09 X

A26 X X X

PQ13 X X X X X X X X




100 mm, stair-step scan locations

LARP

08| NN 100 mm probe
= :
=
g}
§ 06 z=-170 mm -70 mm 30 mm
I : : :
2 04!
(0l
©
wn
= 02¢
=
©
O
z 0
theory 9 KA ——
02l DQB up —e—
down —o—
-300 -200 -100 0 100 200 300
z (mm)

5/18/2011, CM16 HQO1d magnetic measurement XRWang@lbl.gov1i4



%@ 100 mm, stair-step, b, R, = 40 mm
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%@ Harmonics at 120 T/m, R, = 40 mm

A Based on 100 mm coil stestep measurements.
I z=-70 mm.
I Down-ramp data linearly interpolated between 10.1 kA and

11.2 KA.
Up-downaveraged Up-ramp only
n |Normal )| Skew @) |Normal )| Skew @)
3 0.21 -3.17 -0.51 -3.44
4 -0.63 -4.16 -0.66 -4.30
5 0.93 0.33 1.74 0.44
6 5.61 -0.17 3.77 -0.17
7 0.96 -0.57 1.30 -0.44
8 0.44 0.02 0.26 0.39
9 -0.12 0.30 0.23 0.72
10 1.88 4.23 1.04 2.32
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L2 Continuous loop measurement
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A100 mm probe rotating at the magnetic center.
A50 A/s below 3 kA. Quench at 5 kA before next loNp.precycle
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100 mm, transfer function
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100 mm, b,, R, = 40 mm
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LARP

10 A/s w/o pre-cycle vs.

stair-step, transfer function
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LARP

10 A/s w/o pre-cycle vs. stair-step, b, R = 40 mm
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100 mm, up-ramp of training quenches, by, R, = 40 mm
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ARamprate dependence (seen at 8Q%
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Summary of the discussion on 5/16/11
A Performance during the up ramp relevant to the operation.

I Reproducibilityof multiples @ 10 A/s. To do in future
measurements

A Probe with large diameters should be implemented.
I Good performance of existing PCB probe.
I Increase from 44 mm diameter (HQO1d meas.) to > ~ 80 mm.
I Anti-cryostat modification.
I Check/ coordinate with CERNOGS

A HQO1d results study

I Betterunderstanding of dynamic effects througgiculation
(also for future measurements)q.,
A Magnetization modeling based on strand magnetization measurement
I Spikes
A More measurements at low and high ramp rates.




Discussion for future field quality study
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A What are the requirements/important question

A What can be learned from HQO1d (and
TQ/LQ)?

I Issues that can be identified.
A What remains to be answered?

A What needs to be done (time and priorities)?
I Mid- and longterm items.

I Nearterm for HQOle.
AMeasurement plan.




ltems that should be addressed

LARP

A Experimental/hardware:

ifLarge probe: what os t hc¢
mm for 120 mm magnet bore, 92 mm is possible ¢
LBL)

| Strand magnetization measurement.
I Anything else?
A Calculation/analysis:
iDynamic effect (persi s
I Anything else?



L Backup slides
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A Probe location during the z scan.
ATQ/LQS results.
A Ramprate effects.

5/18/2011, CM16 HQO1d magnetic measurement XRWang@Ibl.gow26



Probe location during the z-scan
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TQ/LQS ramp-rate dependence
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gl'F of TQC and TQS g of TQC, TQS and LQS

G. Veley, et al. IEEE TAS 18(2), 2008, p. 184 G. Veley, et al. IEEE TAS 2010, in press.
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